Change with extension of the molecular orientation of hard elastic polypropylene has been studied by use of x-ray diffraction, birefringence and polarized dye-fluorescent intensity distribution method. The degree of orientation of the c-axis oriented crystals decreases slightly with extension, which is inferred to be not due to the bending of crystals but due to the rotation because the sharpness of the crystalline diffraction remains unchanged under high extension, though the width becomes slightly larger. Birefringence decreases remarkably after yielding point because the negative contribution of the form birefringence due to the void formation. The change of the polarized dye-fluorescent intensity distribution showed that the molecular orientation decreases with extension, suggesting that dye-dichroism in this case was related to the crystalline orientation but not to the amorphous orientation.
Introduction
as shown in the stress-strain curve set forth in Fig. 1 . Fig. 1 shows that almost all strain is recovered even after 100% extension. X-ray diffraction photograph of the film is given in Fig. 2 .a, indicating that the degree of orientation of the crystalline region is high. The density of the film was 0.908 g/cm3 , and the crystallinity X, calculated by eq. (1) was 0.66. This slight disorientation of the c-axis crystal might be related to the bending of lamellae'). Thus we have calculated the effect of the bending on the x-ray diffraction profile, under an assumption that a lamella bends uniformly with a given curvature. The result shows that the diffraction pattern loses the character of crystal diffraction even under very small curvature when the lamellar width is several hundred angstroms, as is the present case; the analysis of the (110) diffraction profile of the sample have shown that the width of lamella in the direction normal to the plane is larger than 200 A. These calculations and the experimental results lead us to assume that the slight disorientation of the c-axis oriented crystals is not due to the bending of lamella but must be due to the small rotation of crystals, which is caused by the force (pressure) working in the direction normal to the extension. The force works against the volume increase of the extended sample. It should be noted that crystal lamellae suffer from not only this small rotation leading to the disorientation but also from the lattice disorder. Fig. 4 shows the width of the (110) diffraction profile as a function of extension. It may be noted that the width increasing with extension is recovered after unloading, which suggests that the increase in the width is related to the lattice disorder induced by extension but not to the decrease in the crystal size. The disorder parameter defined by Hosemann10) in eq. (5), is-calculated from the width under assumption that the width of the diffraction profile is caused only by the lattice disorder, The 
where g is the disorder parameter, h is the order of the diffraction and in this case h=1, and d110 is the (110) spacing.
Birefringence
In Fig. 6 the birefringence of the sample is shown as a function of extension. This figure shows that the birefringence remains almost constant before yielding point and then abruptly decreases to become negative, and then increases passing a minimum value at about 70% extension. Recently Samuels6) studied in detail this problem and indicated that this change in the birefringence could be explained by the effect of form birefringence due to the voids formed between lamellae. In Fig. 7 the birefringence of the sample, measured in liquid paraffine, is shown as a function of extension.
In this case the effect of form T-510 Fig , 6 Change of birefringence of hard elastic PP with extension. that the molecular orientation of a disperse dye in drawn PP seemed to reflect well the crystalline orientation rather than the amorphous orientation.
